The focal length of a telescope is an important parameter in determining the angular pixel size. This parameter is used for the purpose of determining the relative coordinates (angular separation and positional angle) of double and multiple stars, and the precise coordinates of extragalactic radio sources (ERS) that are visible at optical wavelengths. At the Astronomical Station Vidojevica we have collected observations of these objects using two CCD cameras, Apogee Alta U42 and SBIG ST-10ME, attached to the 60 cm telescope. Its nominal focal length is 600 cm as given by the manufacturer. To determine the telescope focal length more precisely for both attached detectors, we used angular-separation measurements from CCD images taken at Astronomical Station Vidojevica. The obtained focal lengths are: F 42 = (5989 ± 7) mm using the CCD camera Apogee Alta U42 attached to the telescope, and F 10 = (5972 ± 4) mm with the CCD camera SBIG ST-10ME attached to the telescope.
INTRODUCTION
The telescope focal length is an important parameter in determining the angular pixel size. It is used for the purpose of determining the relative coordinates (angular separation and position angle) of double and multiple stars, as well as in determining the precise coordinates of radio sources.
In this paper we present the first results of determining the effective focal length of the new 60 cm telescope mounted at Astronomical Station Vidojevica (ASV) for two cameras. The Astronomical Station Vidojevica is located in southern Serbia on the mountain of Vidojevica with Prokuplje as the nearest town. The geographic coordinates of the station are: the longitude 21
• 33 20 . 4, latitude 43
• 08 24 . 6 and altitude of 1150 m above the sea level. More details can be found at http://belissima.aob.rs/ .
EQUIPMENT AND METHOD
The 60 cm telescope was purchased from Astro Optik -German company which, in the meantime, became a part of a much bigger company Astro System Austria (ASA). The telescope has a German equatorial mount and a Cassegrain optical system with optical elements produced by the LOMO company in St. Petersburg, Russia. The primary mirror is parabolic with a mechanical diameter D=60 cm and f/3 focal ratio. The secondary mirror is hyperbolic with the diameter D=20 cm making a classical Cassegrain optical system (Fig. 1) . Both mirrors are covered with a highly reflective AlSiO2 coating. The telescope focal length is 600 cm with focal ratio of f/10 as given by the manufacturer. We have also provided one f/6 focal reducer with 4 lenses organized . The arrow indicates an extragalactic radio source while the stars whose mutual separations were measured and used to determine the telescope focal length are denoted by numbers.
in three groups. Each lens is Mo coated and has a reflexivity below 0.5%. The telescope was installed in September 2010 but the final Polar alignment and the mirror collimation were performed in June 2011. To compensate the main slewing errors (Polar alignment, collimation, and mount errors) the pointing model was made by means of about 10 stars.
The effective focal length F for a two-mirror system is given by (Bely 2003) :
where f 1 and f 2 are the focal length of the primary and the secondary mirror respectively, and s is the distance between the two mirrors. As can be seen, the effective focal length depends on s. For each detector (CCD cameras) s is changed during the focus finding procedure which changed the effective focal length F too. The effective focal length can be determined by comparing the measured separation d m between the images of two objects on a CCD frame with the separation d c calculated by using their coordinates taken from a catalogue.
The position of objects in the frames were measured by using the AIP4WIN software (Berry and Burnell 2002) .
OBSERVATIONS
The observations were done by using two CCD cameras Apogee Alta U42 and SBIG ST-10ME. Their basic characteristics are summarized in Table  1 . Column 1 gives the camera type; the size (in pixel units) of pixel array is given in Column 2 and pixel size in Column 3; Column 4 gives the field-of-view size (FOV). The numbers are given for the telescope without the focal reducer. As examples, two CCD frames obtained with the two cameras are given in Fig. 2 . The identified objects are indicated by numbers (the extragalactic radio source ERS by an arrow). The data on object pairs whose separations d m were measured and that were used in the focal-length calculation are given in Tables 2 and 3 . One frame (left) is obtained with Apogee Alta U42, and the other one (right) with SBIG ST-10ME. The results derived from these frames are labeled by asterisk in Tables 2 and 3 .
From June to November 2011, we carried out several series of CCD observations of visual double or multiple stars at Astronomical Station Vidojevica aimed at determining the relative coordinates (angular separation and position angle). For these series we used either SBIG ST-10ME or Apogee Alta U42 CCD cameras. Also, during September and October 2011, we observed about 20 extragalactic compact radio sources (ERS) that are visible at optical wavelengths in order to investigate the relation between the optical and radio reference frames. The optical positions of ERS (α and δ) have been calculated using the positions of reference stars from some of modern star catalogues. For these observations we used Apogee Alta U42 CCD camera only.
The telescope effective focal length for each detector was determined by comparing the measured separations d m of images of two stars or a star and a radio source on the CCD frames with the separations d c calculated from their coordinates and proper motions.
For data reduction we used the XPM catalogue 1 that contains the positions and proper motions of 314 million stars distributed all over the sky for the epoch J2000.0. Since the catalogue coordinates (α 0 and δ 0 ) are given for J2000.0, the corresponding positions for the epoch of the observations (α i and δ i ) are calculated by taking proper motions into account. The coordinates of radio sources are taken from the ICRF2 list (Fey et al. 2009 ). These are remote sources with proper motions negligibly small.
CALCULATION AND RESULTS
The angular separation d c between two objects (the arc along the great circle of celestial sphere) is calculated from coordinates α i and δ i , i = 1, 2 for the epoch of observations according to the formula:
The measured separation d m is calculated from:
where x i and y i , i = 1, 2 are the measured coordinates from the frame. The field of view of CCD frames is small sufficiently (see Table 1 .) and we did not apply the corrections for apparent displacements such as the differential refraction (Aslan at al. 2010 , Kiselev 1989 . The main steps of processing the CCD images are the detection of star-like objects (ERS) and stars, and measuring the positions (x, y).
The telescope focal length is obtained from:
The calculated values for the focal length as well as the coordinates and proper motions of the objects used in these determinations are given in Tables  2 and 3 . The frames containing radio sources were obtained by Apogee Alta U42 which has a significantly larger field of view than SBIG ST-10ME. The radio sources are faint, their apparent magnitudes exceed 14 so that the corresponding exposures lasted more than one minute. The frames containing visual double stars were obtained by both cameras. Their apparent magnitudes are below 12 so that the exposure times were rather short, from a few tenths of a second to a few seconds. Due to this, the frames obtained with Apogee Alta U42 contain more images of stars for which the separations were measured than those obtained with SBIG ST-10ME.
Numbers of objects identified on the CCD frames, where a radio source is assigned zero and stars numbers exceeding zero, are given in Column 1 in Tables 2 and 3 . Right ascensions and declinations (in degrees) and proper motions μ α cos δ and μ δ (in mas/yr) are given in Columns 2-5 and in Columns 6-9 for the first and second object of a pair respectively. The focal-length calculated from the corresponding coordinates and measured separations on the CCD frames for these pairs is given in the last column. An empty row separates the measurements from different CCD frames. The mean values for the focal length are given at the end of Tables 2 and 3. When the CCD camera Apogee Alta U42 was attached to the 60-cm telescope, we obtained the focal length F 42 = (5989 ± 7) mm. It is the average of 100 values given in Table 2 . In the case of the CCD camera SBIG ST-10ME we obtained the focal length F 10 = (5972 ± 4) mm from 31 values (see Table 3 ).
The temperature variation of the focal length has not been studied because the number of considered observational series within the five-months interval (summer-autumn 2011) is relatively small. Besides, the temperature was measured outside the observational pavilion, not at the instrument. Therefore, the study of temperature effects on the focal length is left for future observations.
CONCLUSION
The focal length of the Astronomical Station Vidojevica 60 cm telescope is close to that declared by the factory. Its values can differ when diverse detectors are used in the observations.
In the case of frames taken with Apogee Alta U42 the telescope focal length obtained here differs from the manufacturer's one by less than 0.2%; in the case of SBIG ST-10ME the difference is about 0.5%. This fact indicates a good quality of the telescope (mirror and construction).
The variation of the focal length with temperature should be examined.
The focal-length values corresponding to other detectors: another CCD, adaptive optics, filters, etc, should also be determined.
